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Specification 

[Title of the Invention] 

Atomization Thin Film Forming Device 

[2. Scope of Claim for Utility Model Registration] 
An atmizing thin film forming device comprising; 
an atomizer 1 to atomize material liquid solution, 

a film forming nozzle 3 on which a discharge opening 3a of mist of the material liquid solution 
is opened to face the upper direction, 

a film forming chamber 4 having a substrate 6 conveyed in one direction so that the substrate 6 

passed on the discharge opening 3a of said film forming nozzle, as a ceiling face, 

and means placed in the film forming chamber 4 for heating said substrate 6, 

wherein, plural of film forming chamber 4 each having the film forming nozzle 3 connected to 

said atomizer 1 are arranged in the direction in which said substrate 3 is conveyed. 

[3.Detailed Description of the Invention] 
[Industrial Applicability] 

The present invention is related to an atomization thin film forming device which forms a thin 
film with spraying atomized material liquid solution on a heated substrate, especially related 
to a device which is suitable for forming a transparent conductive film having a comparatively 
thick film thickness. 

[Prior Art] 

A transparent conductive film used for a solar cell, a liquid crystal display device or a plasma 
display device comprises a thin film of tin oxide or indium tin oxide. This transparent 
conductive film is formed with discharging mist of material liquid solution atomized by an 
atomizer from a film forming nozzle on a heated substrate, and reacting the mist on the heated 



substrate. 

One example of an atomization thin film forming device in prior arts for forming a transparent 
conductive film with this method is explained with Fig.6. 

In this atomization thin film forming device, material liquid solution is atomized by an 
atomizer 1 to discharge from a slit shape discharge opening 3a of a film forming nozzle 3. A film 
forming chamber 4 is placed over the discharge opening 3a of the discharge nozzle 3, and 
atomized material liquid solution wafts there. Said substrate 6 is held and conveyed 
sequentially from left to right on the film forming chamber 4 in Fig.6 to form a ceiling face of 
the film forming chamber 4.The substrate 6 at a position forming a ceiling face is heated by a 
heater 8 at the back through a heat spreader plate 7. 

The substrate 6 such as a glass board is conveyed sequentially to be entered into this device 
from the side of a substrate inlet 10, and taken out from a substrate outlet 20 through a film 
forming chamber 4. In the film forming chamber 4, a head of the film forming nozzle 3 is placed 
in contiguity with a main surface of the substrate 6, the mist of material liquid solution 
discharged from the nozzle 3 into the film forming chamber 4 contacts to the surface of 
substrate 6. Then, the material in solution reacts with oxygen in the air or water in the 
material solution on the surface of substrate to form a film of oxide on the surface of substrate 
6. 

[Problems to be Solved by the Invention] 

In the film forming chamber in the film forming device of said transparent conductive film, 
there is a certain distance in the direction in which the substrate 6 is conveyed from the nozzle 
3 to the discharge opening 5 of mist, in a process that the substrate 6 is conveyed there, a film 
is formed. Therefore, when a transparent conductive film having comparatively thicker 
thickness is formed, a method of making the film forming chamber longer or a method of 
slowing conveying speed of the substrate 6 to make the time for passing of the substrate 6 in 
the film forming chamber 4 longer are thought. 

However, even with the former method, the film forming chamber is made longer, the thickness 
of a transparent conductive film can not be thicker in proportion to the length of chamber. This 
is because, as shown in Fig.7, most of a transparent conductive film formed on the substrate 6 
is formed at a position just after the position where the discharging opening 3a of the film 
forming nozzle 3 faces the substrate6, film forming speed after that, is extremely delayed. 
Furthermore, when the film forming chamber is made longer, as the rnist discharged firom ; the 
film forming nozzle 3 wafts for a long time, grains of the mist combine with each other to grow 
up and become rough, or grains of the mist are gasified to be tin oxides. As those mists or tin 
oxides formed in the air contact with the surface of substrate 6 to form a film, pinholes or 
anomalous crystals are formed in the transparent conductive film, the quality of film becomes 
bad. 

And, when the conveying speed of the substrate 6 is slowed as the latter method, a number of 
substrates 6 conveyed out of the substrate outlet 20 at a unit time is decreased, then the 
productivity becomes lower. 

The purpose of the present invention is to provide an atomization thin film forming device 
which can remove a problem above mentioned. 



[Means to Solve the Problem] 

In order to achieve the purpose above mentioned, the present invention is an atomizing thin 
film forming device comprising; an atomizer 1 to atomize material liquid solution, a film 
forming nozzle 3 on which a discharge opening 3a of mist of the material liquid solution is 
opened to face the upper direction, 

a film forming chamber 4 having a substrate 6 conveyed in one direction so that the substrate 6 
passed on the discharge opening 3a of said film forming nozzle, as a ceiling face, and means 
placed in the film forming chamber 4 for heating said substrate 6, wherein, plural of film 
forming chamber 4 each having the film forming nozzle 3 connected to said atomizer 1 are 
arranged in the direction in which said substrate 3 is conveyed. 

[Operation] 

In an atomizing thin film forming device according to the present invention, as plural of film 
forming chambers 4 each having a film forming nozzle 3 connected to the atomizer 1 are 
arranged with placing certain distance in between in the direction in which the substrate 6 is 
conveyed, in a process that the substrate 6 is conveyed through those film forming chambers 4, 
film forming is effectively performed with the discharge opening 3a of the film forming nozzle 3. 
Therefore, a transparent conductive film having thicker film thickness can be obtained without 
slowing down the conveying speed of the substrate6. Furthermore, as a film is formed with new 
mist just after discharged from the film forming nozzle3, the film quality of an obtained film is 
good. 

[Embodiment] 

An embodiment according to the present invention is explained with Fig.l — Fig.5. 
In these figures, the substrate 6 such as a glass board is conveyed from left to right in a state 
that both sides are hold. In a conveying route of the substrate 6 from the substrate inlet 19 to 
the substrate outlet 20, as shown in Fig.2, a tunnel shape preheating chamber 13 whose ceiling 
face is said substrate 6 and whose both sides and bottom face are covered with frame 11 and 12, 
a film forming chamber and a substrate convey out chamber 10 are formed sequentially. 
The atomizer 1 for atomizing the material solution for forming a thin film is placed, and the 
film forming nozzle. facing upper, direction is. placed to be prolonged over the atomizer. 1, the. 
film forming chamber' 4 is placed on the film forming- nozzle- 3: Mist of the material solution 
atomized in the atomizer 1 is discharged into the film forming chamber 4 from the discharge 
opening 3a of the film forming nozzle 3. An exhaust path 5 is formed in the substrate conveying 
out chamber 10 of the film forming chamber 4 to discharge the mist of material solution which 
is not used for forming a film on the surface of substrate6. 

In the preheating chamber 13, the film forming chamber 4 and the substrate conveying out 
chamber 10, the heat spreader plate 7 having good heat conduction is placed over conveyed 
substrate 6, and the heater 8 is placed behind the heat spreader plate 7. The substrate 6 is 
heated by the heat radiation of the heater 8 through the heat spreader plate 7. 
In an embodiment shown in Fig.l, 2 film forming chambers 4, and 4 are formed consecutively in 
the direction in which the substrate 6 is conveyed. Only one exhaust path 5 is placed in the 



retral film forming chamber 4 in the direction in which the substrate 6 is conveyed. 
In an embodiment shown in Fig.3, though 2 film forming chambers 4 and 4 are formed 
consecutively in the direction, in which the substrate 6 is conveyed, the exhaust paths 5 and 5 
are placed the film forming chambers 4 and 4 one by one respectively. Herewith, mist of 
material liquid solution discharged from the film forming nozzles 3 and 3 does not waft for a 
long time, discharged from each exhaust path 5 and 5 earlier. 

In an embodiment shown in Fig.4, though 2 film forming chambers 4 and 4 are formed 
consecutively in the direction, in which the substrate 6 is conveyed, the exhaust path 5 is 
placed in the retral film forming chamber 4 and an exhaust path 9 is placed before the anterior 
film forming chamber 4. Herewith, the mist of material liquid solution discharged from the 
film forming nozzle 3 and 3 is discharged from the exhaust paths 5 and 9 placed both sides of 
the film forming chambers 4 and 4. 

In an embodiment shown in Fig.5, though 2 film forming chambers 4 and 4 are formed 
consecutively in the direction, in which the substrate 6 is conveyed, the exhaust paths 5, 5 and 
9, 9 are placed both sides of the film forming chambers 4 and 4. Herewith, the mist of material 
liquid solution discharged from the film forming nozzle 3 and 3 is discharged from the exhaust 
paths the 5, 5 and 9, 9 each placed both sides of the film forming chamber 4 and 4. 
Next, a tin oxide film as the transparent conductive film is formed on the glass substrate 6 by 
devices shown in Fig.l to Fig.5 above mentioned, and the film thickness, the seat resistance 
and the specific resistance are measured on 100 samples respectively and average values of 
them are shown in EX. 1 - EX. 2. The material liquid solution comprises 15% of SnCl, 200mol% 
of NH4F and 5% alcohol, atomized at the ratio of 11 per hour, and discharged into each film 
forming chambers 4 and 4 from 2 film forming nozzles 3 and 3 with air at 1001 per minute. The 
substrate 6 is conveyed to pass in 3 minutes each 2 film forming chambers 4 and 4 respectively. 



Table 1 

Film thickness Seat resistance Specific Resistance 



EX. 1 


1 50 n a 


630 / D 


8X 10* « 0 ci 


EX* 2 


250nn 


280 / O 


7. 0X10- 1 Q ca 


EX. 3 


180ns 


420 / O 


7. 6X10- « 0 c« 


EX. 4 


- 11111 - , 

2 80n» 


25 0 / O 


7X 10- 4 Q en 



It is known from the table that forming a film with fresh mist just after discharged from the 
film forming nozzle 3 avoiding stagnancy of mist in the film forming chamber 4 by placing the 
exhaust path 5 and 9 in each film forming chamber appropriately is favorable for obtaining an 
transparent conductive film having good characteristics. 

Though, in film forming devices in embodiments above mentioned, plural of film forming 
nozzles 3 have an atomizer 1 respectively, it is allowed that one atomizer 1 sends mist to plural 
of film forming nozzles 3 and 3. 

Furthermore, more than 3 film forming chambers 4 can be placed sequentially when it is 



necessary. 

[Effect of the Invention] 

As mentioned above, in a device according to the present invention, a transparent conductive 
film having thicker film thickness and good characteristics can be formed. 

[4.Brief description of Drawings] 

Fig.l is a sketchy vertical cross section of an atomizing thin film forming device of one 
embodiment of the present invention. 
Fig.2 is a cross section at A — A in Fig.l. 

Fig.3 - Fig.5 are sketchy vertical cross section of atomizing thin film forming devices to show 
another embodiments. 

Fig.6 is a sketchy vertical cross section of an atomizing thin film forming device of an example 
of prior arts. 

Fig. 7 is a chart to show outline of relations between a position of the substrate in the film 
forming chamber and the film forming speed in the device shown in Fig.6. 

1 : atomizer 

3 • film forming nozzle 

3a : discharge opening of film forming nozzle 

4 : film forming chamber 

7 ' heat spreader plate 

8 : heater 
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